INTRODUCTION
Environmental pollution is one of the serious predicaments of the modern world (Hela et al., 2005) . During the last decade, due to the significant increase in the environmental pollutants and lack of precautionary measures or observance of the environmental regulations, it has become a global problem (Bondarenko et al., 2004; Hela et al., 2005; Abdel-Halim et al., 2006; Wilsont and Foos, 2006) .
The ever-increasing trend of population growth and the higher rate of food consumption have forced the producers to intensify their efforts to increase food products. The farmers as one of the main components of this chain are also using escalating amounts of pesticides to protect their crops (Ckamaca, 2002; Struger, 2002) . Pesticide residues in food items have been a concern to environmental and consumer groups of their wide spread use (Darko et al., 2007) . Today, pesticides are widely used to control insects as agricultural pests or as threats to the human health through the transfer of dangerous diseases (Ckamaca, 2002; Pedersen et al., 2006; Rawn et al., 2006) . Although these chemicals facilitate the anthropogenic land use, they usually pose danger to the biotic species and seriously damage the human living environment (Sudo et al., 2002; Na et al., 2006) . These compounds have been or continue to be used in large quantities (Imo et al., 2007) . The most important effects of the synthetic pesticides, especially organochlorinated and organophosphorus (OP) pesticides are water and soil pollutions, as well as the contamination of vegetables, fruits, milk, food products and other living organisms (Denistrop, 2000; Ahmad, 2001; Erin et al., 2001; Hamilton et al., 2003) . Pollution of the water in the river and depleting its resources can put the lives of many people in danger (Chimwanza et al., 2006) .
ABSTRACT:
In most rice paddies in Mazandaran Province, diazinon is applied to control Chilo suppressalis. Due to the extensive application of insecticides in the rice paddies of the Caspian coasts of Iran, this investigation was carried out on the rice fields in order to obtain the necessary data and information on the concentration of insecticide residues. A total of 125 samples were taken from five areas of Amol township in 2007. Then, according to the analysis of variance procedures, the water samples were statistically analyzed after the spraying of diazinon. Results indicate that the insecticide was used frequently to control stem boring caterpillar of rice. The residuals of this toxic chemical were observed in the majority of stations from the day after the spraying until one to two months later. The greatest level of diazinon was observed in station 1 in amount of 1.14 ppm. This study revealed that the physical and chemical properties of the studied diazinon such as fumigation characteristic as well as the ecological conditions and soil type influence the reduction and eventual removal of the insecticides during the cultivation and harvest periods.
Rice, as the main staple of the Iranian people, is always attacked by the various pests during cultivation and harvest. Thus, the farmers in the rice paddies of northern Iran use different pesticides to protect their crops, some of which are persistent and enter the food chain and eventually the human body. Also, it is quite possible for them to contaminate in the rice crops (Nouri et al., 2000) . The phosphorous insecticides are primarily being used to combat agricultural pests in Iran. Investigations conducted in Iran indicated that some of the surface waters and the surrounding environments were contaminated with OP pesticides (Shayeghi et al., 2001; Tarahi Tabrizi, 2001 ). Some studies have also performed regarding the environmentally clean utilization of rice husk as an effective absorbent of easte materials (Abdel-Ghani et al., 2007; Mumin et al., 2007; Mahvi, 2008) .
Chillo suppressalis is one of the primary pests damaging rice crops. OP diazinon in granule form is used to combat the above-mentioned pest. Diazinon is an insecticide with wide range of applications against various types of pests including those existing in soil (Cox,1993) . However, as the Mazandaran Province with 202 thousand h of rice paddies is the most contaminated Province. Amongst the various groups, the organophosphorous chemicals are the most prevalent agricultural pesticides. Therefore, the impact of diazinon residues on the water and the environment of Amol township was studied in spring and summer 2007 in Mazanadaran Province (Rawn et al., 2006) . A total of 125 samples were taken with the thin-layer chromatography method to determine the amount of insecticide residue at harvest time in spring and summer 2007 (Tavakol, 2007) . In Mazandaran Province, as one of the agricultural poles of the country that consumes considerable amount of pesticides each year, the adverse consequences on the local residents can not be overlooked. Thus, in order to preserve the well being and health of the biotic species, the initial step is to determine the residues of such toxic chemicals in the environment (Shayeghi et al., 2001) . The study has been conducted in Amol; north of Iran, in 2008.
MATERIALS AND METHODS
Based on the geographical specifications of the region, the sampling stations were identified at the north, south, east, west and center of the Ghaleh Kash region (Amol township) ( Fig. 1) (Tavakol, 2007) .
Calculation of the sample size
The sample size was calculated by the n = (δ/δ/3)² formula with a certainty of 95 % and the accuracy of 1.6 standard deviation. Before the spraying phase, samples were taken from all the selected stations in order to ensure that the water is free of OP insecticide.
In order to water sampling, 20 samples of one-L Volume 10 to 15 cm were collected. The collected samples were mixed together in a 20 L container. Eventually, from each station, 5 one L samples were collected. To prevent the decomposition of diazinon present in the water samples, 50 CC methylene chloride solution was added to each sample between the sampling and laboratory phases (Tavakol, 2007) .
Then, the samples were kept in refrigerators and sent to the pesticides chemical laboratory of the Health College of the Tehran Medical Sciences University. (Tavakol, 2007) .
The sampling from all the stations were taken at least 5 times with the intervals time of one day, one week, two weeks, one month and two months .This was done after spraying for at least two months at the end of spring and summer of 2007 from June. This exactly coincided with the commencement of the spraying season (spraying was conducted from the June 4 th to 9 th ) it continued until mid August, when the residues of the insecticides were not detectable in the water. The number of samples was 125 and the recovery of insecticide and the partition of the organic phase from the liquid phase were performed according to the traditional methods, utilizing acetone and methylene chloride solvents and the decantation funnel (Sherma et al., 2005) .
After the partition and recovery of diazinon insecticide from the water samples, the additional materials were taken out through the partition funnel and the desired insecticide was recovered by So4Na2. The clean up of the solution was performed in columns of silica gel. Then, the solution was concentrated by the rotary evaporation apparatus. The produced solutions were labeled as the unknown samples and in the next phase, their level of insecticide content was determined. (Futagami et al., 1997; Sherma et al., 2005) In order to identify the recovery efficiency, a practical method was used. In another word, a specific amount of diazinon insecticide was added to the samples taken from the irrigation water known to be free of phosphorous pesticides. Then, through the method used in this study, diazinon was partitioned again from the water sample and was cleaned up and examined. Eventually, the amount of diazinon determined from this method was compared to the initial level and it was considered as the recovery efficiency. The amount of diazinon residue was determined by the (highperformance thin layer chromatography) HPTLC technique (Abbot, 1996; Futagami et al., 1997; Puglise et al., 2004; Sherman et al., 2005) The diazinon standard of 10 mg was acquired from the Accustandard Company of Switzerland. Utilization of the applicator and capillary 5, the spotting process was conducted on the aluminum plate, containing the silica-gel. This is considered as the stationary phase in this technique, where the standard solution and the prepared solutions from the water samples were used. For the spotting of the standard sample, the multiple level method was applied. In this method, several concentrations are used for the spotting of the standard sample (Futagami et al., 1997; Denistrop, 2000) Subsequent to the spotting and drying processes, the prepared plate was placed inside a solvent tank for growth and development. The organic solvent was used as the mobile phase for the growth of the diazinon spots. This solvent was comprised of acetone-hexane mixture with the ratio of 80 % to 20 %. It was poured into the tank and after the saturation of the tank (in about 30 min) the prepared plate was placed inside it (Sherma, 2000; Sherma et al., 2005) .
A period of 20 min was adequate for the growth of spots and the rise of the solvent (the required interval time depends on the size of the plate and the type of solvents inside the tank). Afterwards, the plate was taken out of the tank and dried. Then, the spots were (Tavakol, 2007) examined inside a (ultra violet) UV cabinet with florescent light at the wavelength of 254 nm. The diazinon Rf level was determined to be about 58 % (+/-2 %). Rf is the distance traveled by the solvent (from the spotting point to the end) over the distance travelled by the pesticide (from the spotting point to the development point) = Spot front /solvent front. Eventually, the (thin layer chromatography) TLC Scanner 3 and the CATS 4 software were utilized to scan the diazinon spots (Denistrop, 2000) . For scanning the plate, the deuterium light at the wavelength of 257 nm was selected (Ahmad, 2001) . At the conclusion, the amounts of diazinon present in each spot were directly determined by the CATS 4 software. The level of diazinon in unit volume of water was calculated from the amounts contained in each spot. At the end, the variation analysis and the (analysis of variance) ANOVA test were used in the data analysis (Tavakol, 2007) .
RESULTS AND DISCUSSION
On 125 samples was conducted to assess the diazinon residues in various phases of the rice cultivation from the day after the spraying of the diazinon insecticide until when no trace of the insecticide was detectible in the studied rice paddies of Amol township. As it is shown in Table 1 , the highest level of diazinon was detected the day after the spraying of station 1 in amount of 1.14 ppm. Generally, in the other stations, the amounts of pesticides were lower than the standard acceptable levels. The mean level of diazinon residue a day after the spraying in station 1 was 1.1391 ppm. Respectively, the mean levels in a week and two weeks after the spraying were 0.6636 ppm and 0.048 ppm. In the mentiond station, the amount of diazinon was not measurable after one and two months. The mean levels of diazinon in station 2 a day, a week, two weeks and one month after spraying were 0.5281 ppm, 0.2551 ppm, 0.092 ppm and 0.021 ppm, respectively. There was no trace of diazinon, two months after the spraying. The mean levels of diazinon in station 3 a day, a week, two weeks and one month after spraying were 0.3058 ppm, 0.1604 ppm, 0.086 ppm and 0.014 ppm, respectively. There was no trace of diazinon, two months after the spraying. The mean levels of diazinon in station 4 a day, a week and two weeks after spraying were 0.6174 ppm, 0.1873 ppm and 0.065 ppm, respectively. There was no trace of diazinon, one month and two months after the spraying. The mean levels of diazinon in station 5, a day, a week, two weeks, one month and two months after spraying were 0.9273 ppm, 0.2823 ppm, 0.1163 ppm, 0.0521 ppm and 0.001 ppm, respectively (Tavakol, 2007) .
Based on the Table 1 , the correlation between the diazinon residues in the sampling stations was preformed by the ANOVA test and was compared with the World Health Organization (WHO) standards (Table 2 ). No meaningful difference was observed (P > 0.05). This is quite reasonable by the similarity of the climatic conditions in the studied areas and similar physiochemical characteristics in their irrigation waters (Fig. 2) . The relationship between the time of irrigation and the levels of diazinon residues was also conducted by the ANOVA test (Table 3) The comparison of the various intervals time showed a meaningful difference (P < 0.05). It indicates that time is an influential factor in the sampling process and as the time passes by, the amount of pesticide residues decreases (Fig. 3 ) (Shayeghi et al., 2001; Honarpajouh, 2003; Bagheri, 2007) .
The amounts of diazinon in the stations 2 and 3, as well as the station 5 were detectable until the first and second month after the spraying phase, respectively. This is probably due to the insecticide's high Int. J. Environ. Sci. Tech., 7 (1), 175-182, Winter 2010 Means for groups in homogeneous subsets are displayed. Uses harmonic mean sample size = 5.000 (Tavakol, 2007) Average residues of diazinon Average residues of diazinon Station Time Table 3 : ANOVA statistical analysis based on sampling time persistency in the ambient environment. Moreover, the latest worldwide researches indicate that some OP pesticides like diazinon are more persistent than others (Struger, 2002; Sudo et al., 2002; Bondarenko et al., 2004) . The objective of the study conducted by the Water Quality Control Center in Sanjunquin River, California on aquatic contamination from 1990 to 1998 was to investigate the acute and chronic contamination of the living organisms in this river as the result of incoming pesticides. The aquatic contamination was linked to diazinon, chloriperinus and medidatiun. The pertinent department overseeing the consumption of pesticides in California studied one of the branches of this river in winter seasons during 1991-1993 period. It also detected 10 %, 72 % and 18 of chloriperinus, diazinon and medidatiun in 108 collected samples, respectively. Meanwhile, the diazinon concentration of 1.07 mg/L was observed, which indicated a chronic and potentially dangerous contamination of diazinon.
In order to determine the impact of pesticides on reproductive organs of fish species, Dutta et al. (2003) introduced diazinon to the testicles of Lepomis marchirury. The histopathology analysis of the testicles reveals changes in the cell mass due to the influence of the insecticide (Dutta et al., 2003) .
The studies, conducted during 1991 to 1995 in the United States, point out that the levels of diazinon and methamidophos in the White River basin in the State of Indiana and 20 adjacent rivers are the highest in the analyzed samples. Also, it was observed that the residues of OP pesticides decrease as the samples are taken farther away from the sprayed region (Hamilton et al., 2003) . In the present study, a declining trend in the insecticides was detected from the first day after the spraying until two months later. Other researches, performed in various regions of the Mazandaran province show that the rivers like Tajan, Safaa Roud and Babol Roud Rivers are contaminated with OP pesticides like azinphos methyl, malathion and diazinon. The amounts of these chemicals were higher than the allowable limits even 3 to 4 months after the spraying (Shayeghi et al., 2001) The local residents of the sprayed regions are the most susceptible to the acute effects of the insecticides on the water resources and the general environment. However, their long term adverse consequences threaten regions away from the sprayed centers (Phillips and Bode, 2004; Abdel-Halim et al., 2006; Obendore et al., 2006) . Currently in Iran, there are no appropriate standards for water and food products. Thus, the only available mean's to compare the results with the international standards (Tavakol, 2007) .
According to the studies conducted by Shayeghi (2001) (rice fields and citrus orchards in Tonekabon), (20 ) (Mazandaran Province) and Honarpajouh (2001) (Seymineh River and its adjacent rivers), the traces of insecticides were detected 5, 4 and 3 months after the spraying, respectively. Furthermore, the present study discovered the residues, 2 to 3 months after the spraying.
iazinon levels f up to 454 ppm in the Karaj Catchments Basin at the beginning of the pesticide spraying season. Meanwhile, Shayeghi et al. (2005) studied the residues of OP insecticides in Kor and Seyvand Rivers as well as the cucumber crops at the downstream of the above-mentioned rivers. In his study, he detected residues of diazinon in these rivers, especially 3.5 ppm of diazinon in Seyvand River. Another research was conducted by Bagheri (2007) on the residues of OP insecticides in the fish species and the waters of Gharehsu and Gorganroud Rivers in Golestan Province, Iran. The highest and lowest levels of Diazinon were detected in summer (56 ppm) and winter, respectively. It was concluded that the insecticide residues depend on the physiochemical characteristics of water, time of con sumption , pH of water and th e ambien t temperature (Bagheri, 2007) .
The results of the above-mentioned researches confirm the findings of our study, based on the measured levels of poisonous materials. The findings reveal that the pH, ambient temperature, slope of the farm land, precipitation, etc., have an influential impact on the persistence of diazinon in the farms of Amol (Tavakol, 2007) . Therefore, it is essential to seriously consider the integrated pest management, supervision of pesticides' distribution and consumption (Krol et al., 2000) , use of pesticides with low potential to contaminate the water and soil, conducting public awareness campaigns for the consumers (Na et al., 2006) utilization of other pest control measures like parasitoids and biological methods instead of chemical remedies and finally, development of standards and identification of maximum residue limit (MRL) of the pesticides in the agricultural crops in the country (Tavakol, 2007) .
